Studies addressing the burden of sleep-related breathing disorders (SRBD) and evaluating polysomnography data in patients with idiopathic pulmonary fibrosis (IPF) are scarce. This work aims to illuminate the prevalence of SRBD in IPF patients, explore the effect of IPF on polysomnographic variables, and to identify the possible associations with air trapping and obesity. Patients and methods Institutional Review Board approval and formal patients' consent were obtained from 39 patients enrolled in the study. Twenty patients were confirmed as IPF cases and 19 normal age-matched and sex-matched controls. Overnight polysomnography was performed to all patients. Pulmonary function test and high-resolution computed tomography were done for IPF cases.
Introduction
Idiopathic pulmonary fibrosis (IPF) is a fatal disease characterized by chronic progressive scaring of the lung parenchyma with a median survival of 2-3 years [1] . Mermigkis et al. [2] published a study narrating the need for a high awareness for obstructive sleep apnea (OSA) in patients with IPF. The authors have observed that in the last decade there is an increase in the prevalence of sleep-related breathing disorder (SRBD) mainly sleep apnea in IPF patients. Raghu et al. [3] published the first guideline reporting that OSA is among IPF-associated comorbidities. Few studies for other SRBD mainly sleep-related hypoxia disorder have been carried out. Therefore, diagnosis and treatment of SRBD as comorbidities in IPF patients may improve sleep quality and survival in this fatal disease.
The importance of the underlying OSA in IPF patients is under-recognized. There are a few published studies [4, 5] that recognized the association among IPF and exaggerated intrathoracic mechanical strains, chronic intermittent hypoxia, and gastroesophageal reflux.
OSA has been lately related to many systemic illnesses such as cerebrovascular and cardiovascular diseases where OSA at these alliances becomes a critical, fatal situation. Therefore OSA among IPF patients are certainly not executed from such issues [6, 7] .
Studies addressing the burden of SRBD and evaluating polysomnography data in patients with IPF are scarce. So, this work aimed to illuminate the prevalence of SRBD in patients with IPF, explore the effect of IPF on polysomnographic variables, and to identify the possible associations with air trapping and obesity.
Patients and methods

Study design
Comparative cross-sectional study.
Patients
Twenty consecutive patients diagnosed with IPF in the Chest Department at Mansoura University Hospital were enrolled in the study. They were diagnosed according to the history, clinical evaluation, highresolution computed tomography of the chest, and bronchoscopic lung biopsies. A comparative group of 19 normal control participants attended the Chest Department during the period from November 2015 to March 2017 were also included. Institutional Review Board (IRB) approval number and formal patients consent were obtained. Confidentiality and personal privacy were respected throughout the study. Collected data were used only for research purpose.
Inclusion criteria
All adult IPF patients fulfilled the diagnostic criteria of IPF according to the European Respiratory Society, American Thoracic Society, Japanese Respiratory Society, and Latin American Thoracic Society guidelines criteria [8] .
Exclusion criteria
Patients refused to be enrolled in the study. Patients with history of smoking, occupational exposure, chest trauma, chest infection within the last 4 weeks, pregnancy, connective tissue disease or autoimmune disease, liver diseases, renal diseases, cardiovascular diseases, and noncooperative patients were excluded.
Methods
Clinical assessment
All patients were subjected to full medical examination and Epworth sleepiness scale (Arabic version) [9] . Berlin questionnaire (Arabic version) [10] and STOP-Bang questionnaire were recorded [11] . Weight, height, and BMI were assessed using standardized methods. Ear, nose, and throat examination was done by an ENT consultant.
Polysomnography
In the laboratory, overnight polysomnography was done for all enrolled patients in the Sleep Laboratory of the Mansoura University Hospital − Chest Department according to the standard method of American Academy of Sleep Medicine scoring manual using Somnoscreen plus (SOMNOmedics GmBH, Randersacker, Germany) [12] .
High-resolution computed tomography
IPF was diagnosed if the following findings were present: bilateral subpleural honeycombing cysts, minimal ground glass opacities, and reticular abnormalities on highresolution computed tomography scans. Air trapping was diagnosed on expiratory view. In about two-third of the cases, IPF can be diagnosed by clinical and radiological criteria. Thus, surgical lung biopsy is needed in about one-third of the cases to achieve the ultimate diagnosis, which requires multidisciplinary cooperation [8] .
Pulmonary function testing and arterial blood gases were performed to all enrolled patients.
Statistical evaluation
Statistical assessment was done using the SPSS software, version 22 (SPSS Inc., Chicago, Illinois, USA). Data were assessed for normal distribution using the Kolmogorov-Smirnov test. All the data are presented as mean±SD, median, and range. The Spearman's correlation was used as a test of significance as well as the nonparametric Mann-Whitney U-test. A P-value of less than or equal to 0.05 was considered statistically significant.
Results
The study comprised 39 patients: 20 IPF confirmed cases and 19 age-matched and sex-matched controls. The average age of the IPF cases was 44.05±12.83 years and most of them were women (70%). Both IPF cases and control group were matched regarding weight, height, and BMI (Table 1) . Overall, 50% of IPF cases suffered from OSA [apnea-hypopnea index (AHI)≥5] compared with none of the controls (Fig. 1 ). Table 2 . The average and median values of sleep efficiency, minimum SpO 2 , and baseline O 2 saturation were significantly lower among IPF cases compared with controls (P<0.05). In contrast, the average and median values of AHI, respiratory disturbance index (RDI), number desaturations less than 90, SpO 2 time less than 90, average circulatory delay, arousal total rapid eye movement (REM), and pulse transit time were significantly higher among cases compared with controls (P<0.05). Nonsignificant differences between IPF cases and controls were observed in the other sleep parameters (P>0.05).
Comparisons of polysomnography variables between IPF patients and control are presented in
The effect of air trapping on polysomnography variables in IPF cases is described in Table 3 . Air trapping was detected in 11 (55%) of the IPF patients. The average and median values of baseline O 2 saturation and average circulatory delay were significantly higher among IPF cases with air trapping compared with IPF cases without air trapping (P<0.05).
The effect of obesity on polysomnographic variables in IPF patients is demonstrated in Table 4 . Nonsignificant differences were observed between obese and nonobese IPF patients in polysomnography variables.
The nonparametric correlations between significantly affected polysomnography variables IPF patients and parameters of pulmonary function testing, Berlin OSA score, Expanded Disability Status Scale score have shown significant positive correlations between PCO 2 and both number desaturations less In this study, we found that 50% of IPF patients included suffered from OSA and more than have of them suffering from sleep-related hypoxia. This SRBD may cause deterioration of the underlying IPF and IPF may increase the prevalence of SRBD.
The results of this study is supported by Lancaster et al. [14] . They reported that OSA was manifested in 88% of IPF patients.
This study reported that a significant negative correlation was observed between FVC and AHI (r=−0.430) (data are not tabulated) which is supported by tracheal traction theory. Lancaster et al. [14] did not prove an inverse correlation between AHI and FVC, contradictory to the fact that declined lung volumes induce OSA by increasing upper airway resistance along with reducing its stability and as a result of declined traction on the upper airway. The authors explained that absence of inverse equivalence among pulmonary function testing data and severity of OSA could be Data are presented as mean±SD, median, and range. AIH, apnea-hypopnea index; REM, rapid eye movement; SpO 2 , oxygen saturation. attributed to performing pulmonary function testing while the patient is in the erect position.
To the best of our knowledge, this study is the first to report significant negative correlations between average circulatory delay (r=−0.568) and AHI (r=−0.430). As observed in our study the increase in air trapping in IPF patients may lead to more increase in pressure in the pulmonary vascular bed and resulting in the delay in average circulation.
Our patients were treated by new antifibrotic drugs for treatment of IPF without corticosteroid, so an AHI of more than five events per hour is found to be 50% compared with 59%, 88%, in the work reported by Mermigkis et al.
[2], Lancaster et al. [14] , respectively These discrepancies may be attributed to the reality that Mermigkis et al.
[2] involved only cases treatment with noninvasive ventilation, whereas Lancaster et al. [14] involved cases treated with corticosteroids, which may raise OSA as a consequence of fat deposition in the neck area. Moreover, the BMI of involved cases in the Mermigkis et al. [15] study was significantly lower than the BMI of cases in the study by Lancaster et al. [16] , as their studies were different from ours'.
Moreover, this full night sleep study data have shown that the average and median values of sleep efficiency, minimum SpO 2 , and baseline O 2 saturation were significantly lower among IPF cases. In contrast, the average and median values of AHI, RDI, number desaturations of less than 90%, SpO 2 time of less than 90%, average circulatory delay, arousal total REM, and pulse transit time were significantly higher among cases of IPF. Our study reported that a decrease in sleep efficiency in IPF patients is supported by many previous studies [16] [17] [18] [19] [20] [21] [22] [23] [24] . The findings of the decreased percentage of total sleep time and low sleep efficiency were in agreement with most of these studies.
Also, our study reported that both intermittent hypoxia and chronic hypoxia are significant among IPF patients, and this finding was supported by the previous studies. In 2013, one of the appealing studies [15] reported that intermittent sleep oxygen desaturation in patients with IPF significantly exceeded that seen with maximal exercise. Likewise, a 2009 study by Mermigkis et al. [19] reported significant oxygen desaturation during more than one-third of the total sleep time in IPF patients and was correlated negatively with parameters of quality of sleep and daytime function.
In summary, SRBD and nocturnal oxygen desaturation are significantly found in patients with IPF. From this study we find that the main priority remains to increase awareness not only about OSA but also about chronic hypoxia during sleep in patients with IPF: intermittent hypoxia superimposed on chronic hypoxia and its relation with both comorbidity and air trapping. This may promote the development of pulmonary hypertension, and is independently associated with higher mortality.
Our study is the first one to compare the burden of SRBD in IPF cases and controls and to evaluate the effects of comorbid obesity and air trapping on the severity of SRBD among IPF cases. Also, it explores the relation between pulmonary function parameters and polysomnography data among IPF patients. The outcomes of this study could help in highlighting the importance of screening SRBD in IPF. Early proper treatment of SRBD could have positive impacts on IPF patients' quality of life and outcome.
However, there some study limitations: first the study included a consecutive sample of 20 IPF patients from one health institute. As, IPF is a rare disease multicenter studies should be planned to include a representative sample of IPF patients. Second, it was a cross-sectional study, so it was difficult to demonstrate the temporality relationship between SRBD and IPF. Third, the effect of treating SRBD in IPF patients on the disease outcome and quality of life could not be performed. Interventional study to investigate the efficacy of SRBD management strategies in IPF patients is highly recommended.
Conclusion
SRBD is of high prevalence in IPF patients, obesity is an insignificant comorbidity. Air trapping is surprisingly beneficial in IPF patients by maintaining oxygen saturation during sleep. Detection and proper treatment of comorbid SRBD may improve quality of sleep and life in IPF patients.
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